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[5 7] ABSTRACT 
A device including a voltage indicator circuit has the 
capability of indicating positive, neutral and negative 
voltages with respect to a reference voltage. Three 
indicator circuits are mounted on a single substrate. 

. Each indicator circuit energizes a respective light emit 
ting diode to indicate whether a voltage applied to a 
probe is positive, neutral or negative with respect to a 
reference voltage. The reference voltage is applied to a 
ground or reference terminal on the circuit. An alter~ 
nating voltage is indicated by rendering effective all 
three light-emitting diodes. An open circuit can be 
ascertained by the absence of a positive signal from all 
the diodes. 

7 Claims, 4 Drawing Figures 
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VOLTAGE COMPARATOR AND INDICATING 
CIRCUIT ‘ 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to electrical indicat 

ing circuits and devices. More particularly, this inven 
tion'relates to voltage indicating circuits that are com 
pactly housed in a useful package. 

2. Description of the Prior Art 
In the prior art, various voltage and logic state indi 

cating circuits include those that are specially adapted 
to sense binary logic levels. Devices including this type 
of circuit may or may not include change ‘of state indi 
cating means. Other circuits and their respective de 
vices are used to indicate voltage levels. Some of the 
latter devices indicate either a positive or a negative 
voltage with respect to ground potential. Other voltage 
indicating devices have the capability of showing dis 
crete levels of voltage. Of the devices which have a 
positive and a negative voltage indication with respect 
to a ground reference potential, an indication from 
both the positive and negative indicator show an AC 
potential as being measured. 
While prior art probes are generally capable of indi 

cating high and low voltages, some prior art probes 
cannot unambiguously distinguish between test points 
being‘at ground potential and those points not con 
nected to its test circuit. Where a test circuit has means 
for positively indicating an open circuit, the test circuit 
is usually complex. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a voltage indicator circuit with a de?nite indi 
cation of positive, neutral and negative potentials with 
respect to a reference potential. 

It is another object of the invention to provide an 
indicator circuit with positive indication over an entire 
range of test voltages, thereby unambiguously indicat_ 
ing an open circuit by the complete absence of any 
voltage indication. 

It is a further object to provide a simple and inexpen 
sive circuit and an associated housing to combine one 
or more of the desired indicator circuits in a piece of 
apparatus. 
Consequently, in accordance with the invention, a 

device for indicating voltage ranges with respect to a 
reference voltage includes a ?rst circuit, coupled to an 
input terminal and to a reference terminal, for indicat 
ing a range of voltages appearing at the input terminal 
which are greater than a first voltage, the ?rst voltage 
being positive with respect to the reference voltage. A 
second circuit is coupled to the input terminal and to 
the reference terminal for indicating a range of voltages 
appearing at the input terminal which are less than a 
second voltage, the second voltage being negative with 
respect to the reference voltage. A third circuit is cou 
pled to the input terminal and to the reference terminal 
for indicating a range of voltages appearing at the input 
terminal which includes the ?rst and second voltages. 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention is best understood in conjunc 
tion with the appended drawing wherein: 
FIG. 1 is a voltage probe in accordance with an as 

pect of the present invention; 
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2 
FIG. 2 is a schematic diagram of the indicating circuit 

housed in the voltage probe of FIG. 1; _ 
FIG. 3 is a schematic diagram of an alternate embodi 

ment of the circuit of FIG. 2; and 
FIG. 4 is a functional diagram of the circuit of FIG. 2. 

DETAILED DESCRIPTION I 

The Device in General 

Referring now to FIG. 1 there is shown a voltage 
indicator or a probe device which is designated gener 
ally by the numeral 11. The device 11 incorporates the 
present invention and is described as a specific and 
preferred embodiment thereof. 
The device 11 includes an elongated, cylindrical 

housing 12. A contact or probe 13 extends from one 
end of the housing 12. A ground or reference lead 14 is 
attached to the other end of the housing 12. 
The housing 12 is characterized by a seat 17 located 

on the periphery of the housing near the probe 13. The 
seat supports a substrate 19. The substrate 19, in turn, 
supports substantially all working elements of an indi 

-cating circuit 21 which is shown schematically in 
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greater detail in FIG. 2. 
Because of the convenient location of the circuit 21 

on the outside of a substantially cylindrical wall 23 of 
the housing 12, the cylindrical volume within the hous 
ing 12 is used to contain two batteries 25 which are 
connected in series to supply a battery voltage to the 
circuit 21, as will be described hereinafter. The proxim 
ity of the indicating circuit 21 to the probe 13 permits 
the probe, as well as the indicating circuit, to remain 
within the ?eld of view of an operator. The conve 
nience of handling the device. while viewing probe 
tested voltage results is facilitated greatly by various 
aspects of the present invention. - 

The Indicating Circuit 

Referring now to FIG. 2 there is shown a schematic 
diagram of the indicating circuit 21. The entire indicat 
ing circuit 21 is supported on the substrate 19 which is 
schematically shown by the large boxed-in area of FIG. 
2. The probe 13 is coupled to the circuit 21 through an 
input terminal 27. The input terminal 27 is coupled to 
three indicating circuits 31, 32 and 33 which are volt 
age sensitive. When the device 11 -is_l'in operation, the 
ground or reference lead 14 is attached to a reference 
point on a sample circuit to be tested (not shown) and 
the probe 13 touches any other point on the sample 
circuit. The reference potential from the lead 14 is 
applied through a connector plug 36 to a connector 
socket 37 to appear at a reference terminal 38 of the 
indicating circuit 21. The applied voltage at the probe 
13 similarly appears on the input terminal 21. 
The indicating circuit 31 is referred to as the positive 

voltage indicating circuit. Resistors 41 and 42 form a 
voltage divider between the input terminal 27 and the 
reference terminal 38. An NPN transistor 43 is coupled 
with its base to a node 44 between the resistors 41 and 
42. The collector of the transistor 43 is coupled 
through a resistor 46 to the base of a PNP transistor 48. 
The transistor 48 acts as a ?nal switching transistor for 
the indicating circuit 31. v . 

To perform the switching function, the emitter of the 
transistor 48 is coupled through a battery terminal 51 
to the positive terminal of the battery 25. The negative 
terminal of the battery is coupled through a pin 52 to 
the reference tenninal 38 when the connector plug 36 
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is inserted into the socket 37. Thus, when the device 11 
is not in use and the ground or reference lead 14 is 
disconnected from the device 11, the battery 25 is 
disconnected from the circuit 21 bya discontinuity 
between the negative battery terminal and the refer 
ence terminal 38. 
Again, in reference to the circuit 31, the positive 

voltage from the battery 25 is applied through the bat 
tery terminal 51 to the emitter of the transistor 48. A 
collector of the transistor 48 is coupled to a light-emit 
ting diode 54 which, in turn, is coupled through a resis 
tor 56 to the reference terminal 38 of the circuit 21. 
The resistors 41 and 42 of the circuit 31 are selected 

such that when a ?rst predetermined positive voltage 
with respect to the reference voltage on the terminal 38 
is impressed on the probe 13 and appears on the input 
terminal 27, transistor 43 starts to conduct. When the 
transistor goes into conduction, or turns on, the base 
voltage of the transistor 48 drops and the transistor 48 
turns on also. The light-emitting diode 54, which per 
forms an indicating function, is then energized by the 
battery 25. Consequently, the diode 54 indicates a 
positive voltage appearing on the probe 13. The precise 
voltage at which the diode 54 will be energized is, of 
course, determined by the values of the resistors 41 and 
42. But once the diode 54 has been energized, an in 
creasing voltage on the probe 13 drives the transistors 
43 and 48 into an increased state of conduction. Conse 
quently, the diode 54 will remain turned on as the 
voltage ‘under probe 13 increases. 
The indicating circuit 32 functions similarly to the 

circuit 31 inasmuch as it activates an indicator, a light 
emitting diode 61, in response to a range of voltages 
applied to the probe 13. The voltages which activate 
the diode 61, however, fall in a range of voltages which 
are less than a second ‘predetermined voltage. This 
second voltage is selected to be more negative than the 
reference voltage appearing on the terminal 38. The 
circuit 32 is consequently referred to as the negative 
voltage or low level indicator circuit. 

’ In the low level circuit 32, two resistors 63 and 64 are 
coupled in series to form a voltage divider between the 
input terminal 27 and the battery terminal 51. A node 
65 between the resistor 63 and 64 is coupled to the 
base of a PNP transistor 66. The emitter of the transis 
tor 66 is coupled to the battery terminal 51 and the 
collector of the transistor 66 is coupled through a resis 
tor 68 to the base of an NPN transistor 69. The transis 
tor 69 functions as a ?nal switch- having its emitter 
coupled through the reference terminal 38 and its col 
lector to the cathode of the diode 61 which, in turn, is 
coupled through a resistor 70 to the battery terminal 
51. 
Again, the circuit 32 utilizes the battery 25 to power 

the diode 61 in a manner similar to that in which the 
diode 54 in the circuit 31 is powered, In addition 
thereto, however, the battery power on the battery 
terminal 51 biases the turn-on voltage of the transistor 
66, as it appears at the node 65, toward the positive by 
the amount of voltage on the battery 25. Thus, the 
value of the resistors 63 and 64 have to be chosen to 
take into account the bias by the amount of the voltage 
of the battery 25. 
The indicating circuit 33 differs from the function of 

the prior circuits 31 and 32 in that its indicator, a light 
emitting diode 72, is rendered effective or turned on in 
response to a range of voltages bounded on an‘ upper 
and lower end by predetermined upper ' and lower 
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4 
threshold voltages respectively. Thus, the circuit 33 is 
referred to also as the reference range, neutral or mid 
dle range indicating circuit. The circuit 33, conse 
quently, consists of two subcircuits. One of the subcir 
cuits; an indicator activating circuit 73, functions in a 
manner similar to the circuits 31 and 32, activating the 
diode 72. Another subcircuit, an inhibiting circuit 74, 
deactivates the diode 72 when a voltage at the probe 13 
falls below the predetermined lower threshold voltage. 

In the activating subcircuit 73, a pair of resistors 76 
and 77 are, again, coupled in series between the battery 
terminal 51 and the input terminal 27. Like in the cir 
cuit 32, a node 78 between the resistors 76 and 77 is 
coupled to the base of a PNP transistor 79. The emitter 
of the transistor 79 is also coupled to the battery termi 
nal 51 and the collector is coupled through a resistor 80 
to the base of an NPN transistor 81. The emitter of the 
transistor 81 is coupled directly to the reference termi 
nal 38. The collector of the transistor 81 is coupled to 
a series connection between the diode 72 and a resistor 
82 to the battery terminal 51. 
When the voltage at the node 78 of the voltage di 

vider formed by the resistor 76 and 77 falls below a 
certain voltage with respect to the voltage on the bat 
tery terminal 51, the transistor 79 is rendered conduc 
tive to put a positive voltage on the base of the transis 
tor 81. This renders the transistor 81 conductive and 
activates the diode 72 to give a visual indicating signal. 
The inhibiting circuit 74 is formed by a voltage di 

vider including resistors 83 and 84 which are coupled 
in series and to the battery terminal 51 and to the input 
terminal 27, respectively. A node 85 of the voltage 
divider formed by the resistors 83 and 84 is coupled to 
the base of a PNP transistor 86. The emitter of the 
transistor is coupled to the battery terminal 51 and the 
collector is coupled to the node 78 of the activating 
circuit 73. The values of the resistors 83 and 84 are 
chosen to render the transistor 86 conductive when a 
voltage at the probe 13 has reached or has fallen below 
the lower threshold voltage. This places the voltage 
appearing at the battery terminal 51 on the base of the 
transistor 79 of the activating circuit 73 and in response 
thereto, the diode 72 is deactivated. 

In the circuit 33, the values of the voltage dividing 
resistors 76 and 77 are selected to place the upper 
threshold voltage at which the diode 72 is activated at 
a voltage higher than the ?rst voltage of the positive 
voltage indicating circuit 31. Similarly, the values of 
the voltage dividing resistors 83 and 84 are chosen to 
place the lower threshold voltage at a voltage below the 
second voltage of the negative voltage indicating cir 
cuit 32. In chosing the values of the resistors 76, 77, 83 
and 84, a shift of the threshold voltages toward the 
positive side of the voltage scale by the amount of the 
battery bias voltage is considered. 
Referring to FIG. 4, the light-emitting diodes 54, 61 

and 72 do not go from a full off to a full on condition, 
as a voltage applied at the probe 13 gradually increases 
or decreases. The upper and lower threshold voltages 
are, therefore, chosen so that at an approximate 2.1 
positive or negative volts from the reference voltage 
appearing on the terminal 38, two of the diodes 54, 61 
and 72 are giving off light at approximately equal 
brightness. As shown in FIG. 4, at voltages greater than 
a positive 3.5 volts vor less than a negative 3.5 volts, the 
diode 72 is expected to be deactivated. These voltages 
approximate‘ the upper and lower threshold voltages, 
respectively. At about 2.1 volts on the positive side of 
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thereference voltage on the terminal38, both the 
diode 54 and the idiode72 will be activated‘ approxi 
mately equal but less than completely. In the range 
about the reference voltage, from about ‘+0.7 volts 
positive to about-0.7 volts with respect to the refer 
ence voltage, only the diode 72 will be fully activated. 
Thereafter, on the negative side of the reference volt 
age, follows a range of transition wherein the diode 72 
is gradually becoming deactivated and the diode 61 is 
becoming activated. At a negative 2.1 volts with re 
spect to the reference voltage, both diodes 61 and 72 
are approximately equally activated. In the range of 
less than —3.5 volts with respect to‘the reference volt 
age, only the diode 61 is fully activated. ' 

ALTERNATE EMBODIMENT OF THE CIRCUIT 32 

Referring now. to FIG. 3, there is shown a portion of 
the circuit 21, and in particular, a portion which repre— 
sents, an alternate embodiment of the circuit 32 in FIG. 

6 
FIG. 2. As a voltage applied to the probe 13 decreases 
the secondvv predetermined voltage, the light-emitting 
diode 61 is activated. 
The alternate embodiment described with respect to 

FIG. 3, illustratively shows one of the changes which 
' can be made to the circuit 21 without departing from 
the scope of the present invention. For instance, in 
FIG. 3, in selecting the‘ resistor values of resistors 88 
and 89 to activate the diode 61 at or below the second 
voltage, the bias voltage of the battery 25 need not be 
considered any longer. Thus, the resistor values now 
reflect the true second predetermined voltage at which 
the transistors 90 and 93 are rendered conductive to 
activate the low voltage indicator diode 61. 

REPRESENTATIVE CIRCUIT VALUES 

In the above-described circuit, representated by FIG. 
2, ‘the following components are preferred to yield 
approximately the characteristic of the device 11, as 

2. A voltage divider shown in FIG. 3 includes resistors 20 shown in FIG. 4. 

Resistor 41 160K ohms 
Resistor 42 43K ohms 
Resistor 46 750 ohms 
Resistor 56 lOO ohms 
Transistor 43 ‘ NPN small signal transistor 
Transistor 48 PNP small signal transistor 
Diode 54 Monsanto MVSO light-emitting diode 

Circuit‘32 Y 

Resistor 63 13K ohms 
Resistor 64 100K ohms 
Resistor 68 750 ohms 
Resistor 70 ' 100 ohms 
Transistor 66 PNP small signal transistor 
Transistor 69 NPN small signal transistor 
Diode 61 Monsanto MVSO light-emitting diode 

Circuit 33 
Resistor 83‘ l4K ohms 
Resistor 84 100K ohms 
Resistor 76 360K ohms 
Resistor 77 100K ohms 
Resistor 80 750 ohms 

Resistor 82 100 ohms 
Transistor 79 
Transistor 81 
Transistor 86 

PNP small signal transistor 
NPN small signal transistor 
PNP small signal transistor 

Diode 72 Monsanto MV50 light-emitting diode 

The Alternate Circuit 32 of FIG. 3 
' vResistor 68 750 ohms 

Resistor 70 100 ohms 
Resistor 88 43K ohms 
Resistor 89 160K ohms 
Resistor 92 33K ohms 

' Transistor 69 

Transistor 90 
Transistor 93 
Diode 61 

NPN small signal transistor 
NPN small signal transistor 

‘ PNP small signal transistor 
Monsanto MVSO light-emitting diode 

88 and 89 which are coupled in series between, an ex 
tension of the input terminal 27 and reference terminal 
38, such that the resistor 88 is coupled to the input 
terminal 27 and the resistor 89 is coupled to the refer~ 
ence terminal 38. An NPN transistor 90' is coupled with 
its base to a node 91 between the two resistors 88 and 
89. The emitter of the transistor 90 is coupled directly 
‘to the input terminal 27. The collector of the transistor 
90 is coupled through a resistor 92 to the base of the 
PNP transistor 93. The transistor 93 is coupled identi 
cally to the transistor 66 through the resistor 68 to the 
base of the transistor 69. The ‘indicator subcircuit in 
cluding the resistor 70, the diode 61 and the transistor 

I 69 functions identical to the corresponding subcircuit 
of the preferred embodiment described with respect to 

55 

' Referring back to FIG. 1, these components are com 
bined on a single ceramic substrate 19. The resistors 

_ and interconnecting conductors are formed by conven 
tional thick film technology. The resistors are bonded 
to gold pads formed on the substrate in a conventional 
manner. The junction contacts of the transistors are 
wire bonded in a conventional manner to the respective 
circuit nodes on the substrate 19. The commercially 

' available light-emitting diodes are also bonded to bond 

65 

sites on the substrate 19 and the respective circuit 
‘connections are made by conventional wire bonding 
techniques. It should be understood, however, that 

_ ‘some of the connections could equally well be formed 
directly on the substrate 19 by conventional photo 
lithographic conductor-forming techniques. 
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THE VOLTAGE INDICATOR ‘DEVICE 

Referring again to FIG. 1, various details of theide 
vice 11 are more clearly understood relative to the 
above-described indicating circuit 21. The probe 13 is 
rigidly mounted in a tapered end 101 of the housing 12 
and extends into a ?rst cavity 102 of the housing. From 
this ?rst cavity 102, a wired connection is made to the 
circuit 21, the connection corresponding to an exten 
sion of the input terminal 27 of the circuit. 
A transverse divider 104 separates the ?rst cavity 

102 from a battery cavity 106. A circuit connector 105 
is mounted to the divider 104. A wired connection 
from the connector 105 corresponds to an extension of 
the battery terminal 51 of the circuit in FIG. 2. The 
divider 104 acts as a stop for the battery 25 inserted in 
series into the battery cavity 106, such that a positive 
battery terminal 108 rests against the connector 105 in 
the divider 104. The rear of the battery cavity 106 is 
bounded by a divider 110. A spring 112 urges the bat— 
teries, two 1.5 volt N-type batteries, into contact with 
each other and establishes ground contact with the 
rearmost of the batteries 25. The pin 52 is coupled 
directly to the spring 112 and establishes contact with 
the connector plug 36 when it is inserted into the 
socket 37 at a ?at end 115 of the device 11. A wire 
connection 117 corresponds to an extension of the 
reference terminal 38 of the circuit 21. The ground 
lead 14 is conveniently equipped with an alligator clip 
130. Any other type of connector can, of course, be 
substituted therefor. 
At the seat 17 near the tapered end 101 of the device 

11, the substrate 19. is mounted into a cavity 119 
formed by a ridge 121 about the seat 17. After the 
substrate is mounted into the cavity 119 with the light 
emitting diodes 54, 61 and 72 facing outwardly, a pro 
tective cover 123 is placed over the substrate 19 to 
protect the components on the substrate 19 from physi 
cal damage. Three apertures 125, in the cover 123 line 
up with the three light-emitting diodes 54, 61 and 72 to 
allow their signal outputs to be viewed through the 
cover 123. 
While the invention has been described with respect 

to the device 11, a detailed description should be 
viewed as being illustrative only and not limiting to the 
invention. Various changes can be made in the circuit 
21 itself and in physical housing of the circuit without 
departing from the spirit and scope of the invention. 
The invention is to be limited only by the scope of the 
claims appended hereto. 
What is claimed is: 
1. A device for comparing and indicating the polarity 

of voltages with respect to a reference range about a 
reference voltage, which comprises: 
means for supporting electrical circuit elements; 
an input terminal located on the supporting means; 
a reference terminal located on the supporting 
means; 

a ?rst circuit means, including a first indicator ele 
ment located on the supporting means and coupled 
to the input terminal and to the reference terminal, 
for sensing and indicating the presence at the input 
terminal of a voltage applied to the input terminal 
which is at least as positive as a ?rst voltage value, 
the ?rst voltage value being positive with respect to 
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the reference voltage applied at the reference ter-' ‘ 
minal; ' 

8 
asecond circuit means, including a second indicator 
element located on the supporting ‘means and cou 
pled to the input terminal and to the reference 
terminal,;for sensing and indicating the presence at 
the inputtterminal of-a voltage applied to the input 
terminal which is at least as negative as a second 
voltage value, the second voltage value being nega 
tive with respect to the reference voltage applied at 

‘ the reference terminal; and 
a third circuit means, including a third indicator ele 

' ment located on the supporting means and coupled 
’ to the input! terminal and to the reference terminal 

‘ for sensing and indicating the presence at the input 
terminal of a voltage applied to the input terminal 
which falls within the reference range, the refer 
ence range encompassing the'?rst and the second 
voltage values. 

2. A device according to claim 1, which comprises: 
means for supplying a battery voltage to the ?rst, 
second and third circuit means, the respective indi 
cators of each of the circuit means being coupled 
between the battery voltage supply means and the 
reference terminal; and 

?rst, second and third voltage responsive switches 
included in the ?rst, second and third circuit 
means, respectively, and coupled between the bat 
tery voltage supply means and the reference termi 
nal in series with the ?rst, second and third indica 
tors, respectively, to selectively activate the indica 
tors in response to the application of respective 
voltages at the input terminal and at the reference 
terminal. 

3. A device according to claim 2, wherein: 
the battery voltage supply means comprises a battery 
voltage terminal located on the supporting means; 

' the third circuit means comprises a voltage divider 
coupled between the battery voltage terminal and 
the input terminal, the voltage divider having a 
node coupled to the third voltage responsive switch 
for supplying a voltage to the third switch to acti 
vate the third indicator when the voltage applied at 
the input terminal is more negative than an upper 
threshold voltage value, the upper threshold volt 
age value being more positive than the ?rst voltage 
value; and 

an inhibiting means is coupled to the node of the 
third circuit means for altering the voltage supplied 
by the voltage divider to a value substantially that 
of the battery voltage, when a voltage applied at 
the input terminal is at least as negative as a lower 
threshold voltage value the lower threshold voltage 
value being more negative than the second voltage 
value. 

4. A device according to claim 3, wherein the battery 
voltage supply means comprises a battery adapted to be 
coupled between the reference terminal and the bat 
tery voltage terminal. ’ 

5. A device according to claim 4 comprising: 
a housing for retaining the battery; 
a probe extending from the housing; 
the supporting means mounted to the ‘housing, to 

visually expose the indicators on the supporting 
,means; and I 

a connector socket mounted to the housing and cou 
pled to the reference ‘terminal on the supporting 
means, the connector socket being adapted to ac 
cept a connector plug on a ground lead. _ 

6. A device according to claim 5 further comprising: 
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a battery contact, coupled to one side of the battery, 
the battery contact being located adjacent the con 
nector socket in the path of the connector plug 
inserted into the socket, such that an electrical 
continuity is established from the one side of the 
battery through the battery contact, the connector 
plug, the connector socket to the reference termi 
nal on the substrate upon insertion of the connec~ 
tor plug into the socket. 

7. A voltage comparator and indicator, which com~ 
prises: 
a housing; 
a probe connection carried by the housing; 
a ground connection carried by the housing; 
a circuit substrate mounted to the housing, the circuit 

substrate having located thereon an input terminal 
coupled to the probe connection, a reference ter 
minal coupled to the ground connection, and a 
battery terminal; 

a ?rst circuit means, located on the substrate and 
coupled to the input tenninal and to the reference 
terminal and including a ?rst indicator, for sensing 
and indicating the presence at the probe connec 
tion of a voltage applied at the probe connection 
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10 
which is at least as positive as a ?rst voltage value 
which is positive with respect to a groundpotential 
at the ground connection; 

a second circuit means, located on the substrate and 
coupled to the input terminal and to the reference 
terminal and including a second indicator, for sens 
ing and indicating the presence at the probe con 
nection of a voltage applied at the probe connec 
tion which is at least as negative as a second voltage 
value which is negative with respect to the ground 
potential at the ground connection; 

a third circuit means, located on the substrate and 
coupled to the input terminal and to the reference 
terminal and including a third indicator, for sensing 
and indicating the presence at the probe connec 
tion of a voltage applied to the probe ‘connection 
which lies within a range about the ground poten 
tial, the range including the ?rst and the second 
voltage values, a battery voltage being applied to 
the battery terminal and coupled to the third cir 
cuit means to bias the third circuit means into con 
tinued operation when the voltage applied at the 
probe connection is substantially at ground poten 
tial. 

~ * * * * * 


